Early treatment, soon after infection, reduces HIV transmissions and benefits patients. The
Starting early antiretroviral treatment (ART) benefits HIV-infected people and reduces sexual HIV transmission [1] [2] [3] . Increments in HIV-RNA levels are associated with increased HIV transmission risk 4, 5 while substantial reductions in HIV transmission are predicted or have been observed in settings with declines in individual or community viral load [6] [7] [8] . Transmission during the period of acute/early infection is particularly likely 9,10 because of high viral load levels 11 , lack of immune response, and elevated rates of risky behaviors 12, 13 . Phylogenetic studies suggest that the recent phase may account for up to half of onward transmissions 13, 14 . Traditional contact tracing to locate and intervene with HIV-infected people is a longstanding public health strategy for identifying new cases of HIV or other Sexually Transmitted Infections 15 . Contact tracing consists of various methods to interview infected persons and elicit information about their partners in order to identify, inform, and test these contacts 15, 16 . A review of partner counseling and referral services by health professionals has shown that up to 8% of named people who were unaware of their status tested positive for HIV 17 . Disease Intervention Specialists in the United States (US) have achieved satisfactory rates of partner elicitation and notification in New York City (NYC), and their work has resulted in substantial numbers of new HIV diagnoses 18 . However, systematic reviews have not clearly identified a single optimal strategy of partner notification 16 and the coverage of partner notification for HIV was reportedly low 19 . Social networks including sexual or injecting partners as well as friends and acquaintances play a role in HIV spread 15 . Studies have showed the association of network microstructures with HIV seropositivity 20 and the role of small connected subnetworks of seronegatives in preventing HIV outbreaks 21 . A network-oriented approach in US cities identified networks in which the proportion of newly detected HIV persons was almost 5 times that of other counseling and testing contexts 22 . We report here on an intervention using new laboratory methods to identify recently infected People who Inject Drugs (PWID) and network-based tracing to locate their network members. Our approach prioritizes recent infectees whom we hypothesize are in networks in which transmission is likely to be active. We test whether the intervention resulted in recruitment of a higher proportion of recently infected persons than a control condition that traced the networks of longer-term infected PWID.
Methods
Concept of the Intervention. The Transmission Reduction Intervention Project (TRIP) is a network-based contact tracing intervention ( Fig. 1) focusing on those who are recently HIV-infected (in the past six months) 23 . If a person recruited by TRIP has recently acquired HIV, it is likely that the person who infected him/her, others whom that infector may recruit, and those whom the index person has infected are located in the same network. Recruiting and testing network members of recent infectees is thus likely to identify more people who are recently infected and probably highly infectious.
TRIP also acts to educate people about recent infection, distributes alerts within networks of recently infected persons about the presence of highly infectious individuals, and links infected participants to care 23 . All terms and definitions used in this intervention are given in Table 1 . The data set for these analyses is available in a supplementary file.
Setting. TRIP was conducted (6/2013-7/2015) in Athens, Greece, where an HIV epidemic among PWID began in 2011 [24] [25] [26] . Laboratory methods. HIV testing programs, mainly ARISTOTLE 27 , referred HIV seropositive clients to TRIP. Blood samples were tested by AxSYM HIV-1/2 gO (Abbott) and confirmed by Western Blot (MP Diagnostics). All HIV+ participants of TRIP were also tested by the Limiting Antigen Avidity (LAg) assay (Sedia TM Biosciences Corporation) 28 . LAg is based on antibody maturation and categorizes HIV infection as recent versus (vs.) long-standing. The standardized Optical Density (ODn) score of 1.5 is used as cut-off for recency (130 days) 28 . HIV-RNA was quantified in all HIV positive samples in TRIP using Artus HI Virus-1 RG RT-PCR (Qiagen).
Eligibility criteria and TRIP arms. Eligible TRIP participants were: 18 years or older; able to answer the questionnaire; and qualified for one of the project arms (Fig. 1) .
Figure 1. Arms and recruitment patterns of Transmission Reduction Intervention Project (TRIP).
Drug injectors were referred to TRIP by collaborating testing sites. Based on the results of HIV and Limiting Antigen Avidity (LAg) testing, and on their testing history, drug injectors were grouped into the arms of the study: Recent Seeds, and Control Seeds with Long-term HIV infection. Control Seeds were matched to Recent Seeds for age (± 5 years) and gender. The networks of Seeds were traced for two steps. The recruited network members underwent HIV, LAg, and viral load testing. Recents in networks were newly HIV-diagnosed network members of Seeds with documented testing history of recent infection in the last 6 months (last negativefirst positive test < 6 months) irrespective of their LAg standardized Optical Density (ODn) value or had only LAg ODn ≤ 1.5 if testing history was unknown. Long-term infected participants in networks were those not classified as Recents.
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General Definitions

Acute infection
The initial phase of HIV infection before developing antibodies.
LAg
⦁ Limiting Antigen Avidity Assay is a blood test based on antibody maturation that helps detect people with recent HIV infection.
⦁ If the LAg-based standardized Optical Density (ODn) score of a biological sample is ≤ 1.5, the sample has probably been collected from a person who acquired HIV in the past 6 months.
Long-term infection (Long-standing infection)
An HIV infection that occurred more than 6 months ago.
Long-term infected person
A person who acquired HIV more than 6 months ago.
Partner Notification and Counseling Services (PNCS)
A broad array of services to people diagnosed with HIV that include partner notification, prevention counseling, testing for HIV and other sexually transmitted infections, and provision of and/or linkage to medical and/or psychosocial services.
Recent infection
An HIV infection that occurred in the previous 6 months.
Recently infected person (Recent infectee) A person who acquired HIV in the previous 6 months.
Recency
The first 6 months of HIV infection. ⦁ He/she was a newly HIV-diagnosed person with documented or very reliable self-reported testing history of infection in the last 9 months (last negative -first positive test < 9 months) irrespective of his/her LAg ODn value or he/she had unknown testing history but very high viral load typical of recent infection (> 100,000 or 5 log 10 copies/ml) irrespective of his/her LAg ODn value.
Control Seed with Long-term HIV infection (LCS)
⦁ A newly HIV-diagnosed but probably not recently infected drug injector who was referred from collaborating testing facilities and who had LAg ODn >1.5 without any evidence of seroconversion in the last 6 months.
⦁ LCSs and their network members comprised a control arm.
⦁ LCSs were matched to Recent Seeds for age (± 5 years) and gender.
⦁ Many LCSs first learned about their infection at around the time of their TRIP baseline interview.
⦁ LCSs were asked to elicit names of and help recruit and test members of their social networks.
⦁ Network recruitment for LCS stopped at second degree network members unless a Recent or a Borderline Recent was identified; then a new two-step recruitment process began.
Recent Seed (RS)
⦁ A newly HIV-diagnosed and probably recently infected drug injector referred from collaborating testing facilities who had documented seroconversion in the previous 6 months (last negative -first positive test < 6 months) and LAg ODn ≤1.5 or had only LAg ODn ≤1.5 if testing history was unknown.
⦁ RSs and their network members comprised the Intervention Arm.
⦁ RSs were asked to elicit names of and help recruit and test members of their networks.
⦁ Network recruitment for RS stopped at second degree network members unless a Recent or a Borderline Recent was identified; then a new two-step recruitment process began.
Recent
⦁ A person detected in networks of Recent or Long-term Control Seeds who is probably recently infected with HIV.
⦁ He/She is a newly HIV-diagnosed network member with documented testing history of recent infection (last negative -first positive test < 6 months) irrespective of his/her LAg ODn value or with only LAg ODn ≤ 1.5 if testing history was unknown.
Continued
The intervention arm consisted of Recent Seeds (RS) -where "Seed" refers to a primary participant recruited by TRIP -and their network members. RS were newly HIV-diagnosed drug injectors referred from ARISTOTLE or other collaborating testing facilities who had LAg ODn ≤ 1.5 and documented seroconversion in the previous 6 months or had only LAg ODn ≤ 1.5 if testing history was unknown.
The second (comparison) arm consisted of participants with a long-term HIV infection who were also used as seeds for network tracing (Control Seeds with Long-term HIV infection or LCS) and of their network members. LCS were newly HIV-diagnosed but not recently infected drug injectors who were referred from testing projects and had LAg ODn > 1.5 without any evidence of seroconversion in the last 6 months. LCS were matched to RS for age (± 5 years) and gender.
Questionnaire. All TRIP participants were interviewed by experienced personnel. The questionnaire asked the participants to name their network members: people they injected or had sex with in the past six months; people who injected or had sex in their presence in the past six months; and people who injected, used drugs or had sex with people the participants had injected or had sex with. TRIP staff also asked them to indicate venues they usually visit to use drugs, to have sex, or to meet new sex partners. Participants were asked to provide identifying information about the network contacts they named, which was electronically recorded and could help the staff validate links: names and/or nicknames and type of relationship, demographics including gender, age and nationality, physical characteristics including height, build, eyes, hair, scars, tattoos, and contact details. Participants were given coupons corresponding to people they named, which the nominees had to show to the project staff before recruitment.
Network tracing. Network members of RS and LCS were recruited for two steps (Fig. 1) . We tested network members for HIV; if they were positive, we carried out LAg tests and quantified plasma HIV-RNA. Recents in networks were defined as newly HIV-diagnosed individuals with documented testing history of recent infection (last negative -first positive test < 6 months) irrespective of their LAg ODn value or with LAg ODn ≤ 1.5 if testing history was unknown. Antibody negative samples of network members were tested for HIV-RNA in pools of 10 to identify acute infections who were classified as recents for the analyses. In order to maximize the number of potential highly infectious network members, Borderline Recents found in networks were also recruited. These were newly HIV-diagnosed individuals who did not meet the definition of recent in networks as described above. They had, however, (i) documented or very reliable self-reported testing history of HIV infection in the last 9 months (last negative -first positive test < 9 months) irrespective of their LAg ODn value or (ii) had unknown testing history but very high viral load typical of recent infection (> 5 log 10 copies/ml) regardless their LAg ODn value. For the latter case, in order to exclude long-term infected persons with Acquired Immune Deficiency Syndrome (AIDS), we evaluated clinical data on CD4 T-cell counts or diagnoses of AIDS-defining illnesses.
Long-term infected network members were those not classified as recents or borderline recents in seeds' networks. ⦁ Seeds were asked to elicit names of and help recruit and test members of their networks.
General Definitions
⦁ Network recruitment for Seeds stopped at second degree network members unless a Recent or a Borderline Recent was identified; then a new two-step recruitment process began.
Definitions of Metrics Network Contact Tracing Yield (NCTY)
⦁ It is calculated by dividing the number of Recents/Borderline Recents identified in Seeds' networks by the initial number of people who were enrolled as Seeds.
⦁ It represents the ability to detect Recents/Borderline Recents in networks of people who are used as Seeds for recruitment.
Proportion of Recents in Network (PRN)
⦁ It is calculated by dividing the number of Recents/Borderline Recents identified in Seeds' networks by the size of these networks.
⦁ It represents the prevalence of Recents within networks.
Proportion of Recents among Positives in Network (PRPN)
⦁ It is calculated by dividing the number of Recents/Borderline Recents identified in Seeds' networks by the total number of HIV positives identified in these networks.
⦁ It is the prevalence of Recents/Borderline Recents among the positives in networks of Seeds.
Recents Incidence in Network (RIN)
⦁ It is calculated by dividing the number of Recents/Borderline Recents identified in Seed's networks by the total number of Recents and HIV negatives in these networks.
⦁ It is a proxy for HIV incidence in networks. One
If a recent or a borderline recent was found in networks of seeds, the network members of the newly identified recents/borderline recents were recruited for 2 additional steps (Fig. 1) .
Unless stated otherwise, recents and borderline recents were analyzed together, and they would be referred to hereafter simply as "recents".
Follow-up. Follow-up interviews were scheduled at 6 months after enrollment. TRIP staff tested people who were negative at baseline for HIV to detect seroconverters. Networks of seroconverters were also traced.
Incentives and Benefits of participation. Participants were given 10 euros for the baseline interview and 10 euros for the follow-up visit. They also received 5 euros for each named network member who participated in TRIP.
The project staff educated affected communities about recent/acute HIV infection, and about the importance of avoiding stigma. Participants were provided with standard counseling and were actively linked to care if appropriate.
Statistical methods. Statistical analyses included chi-squared, Mann-Whitney, and Kruskal-Wallis tests.
The following metrics (Table 1) For NCTY ratios, 95% confidence intervals (CI) were constructed by treating NCTYs as incidence rates. The 95% CI of RIN ratios were constructed by treating RIN as cumulative incidence and using Poisson regression models with robust variance. The log-binomial model was used to construct 95% CI for PRN and PRPN ratios 29, 30 . Multivariable analyses controlled for age, gender, nationality, education, place of residence, unemployment, drug injection, and sex work.
All statistical tests were two-sided and conducted in STATA 12.
Ethical Statement. The intervention (ClinicalTrials.gov identifier: NCT01827228) was approved by the Institutional Review Boards of the National Development and Research Institutes (NDRI) in NYC and of the Hellenic Scientific Society for the study of AIDS and Sexually Transmitted Diseases in Athens. All experiments were performed in accordance with relevant guidelines and regulations. All participants provided written informed consents.
Results
Table 2 presents characteristics of 278 subjects including 23 Recent Seeds, 171 network members of RS, 19
Control Seeds with Long-term HIV infection, and 65 network members of LCS. The groups of seeds and their networks were generally similar. Sex work, however, was more prevalent (P = 0.051) in the networks of LCS (16.9%) than in the networks of RS (8.2%). All sex workers were drug injectors. In total, 150 participants were HIV positive (54%) ( Table 3) . HIV prevalence was significantly higher in the networks of LCS (57%) than in the networks of RS (42%) and among sex workers in the networks of LCS (81.8%) than among sex workers in the networks of RS (50%).
Forty-five persons were classified as recents including 23 RS and 22 recents in the networks of seeds. The median viral load of the 45 recents was 5.4 log 10 copies/ml (Interquartile Range (IQR): 4.6-6.0) and was significantly higher (P < 0.001) than the median viral load of all the long-standing infections in TRIP (4.7 log10 copies/ ml; IQR: 2.8-5.4).
There were 19 recents in the networks of RS, including 2 acute infections detected by HIV-RNA testing, 9 newly diagnosed infections classified as recents based on documented seroconversion within the last 6 months and/or LAg ODn ≤ 1.5, and 8 borderline recents who had LAg ODn > 1.5. Of the 8 borderline recents in the network of RS, 4 had documented HIV seroconversion in the past 9 months, 2 had reliable self-reported testing history of recent infection, and 2 were newly diagnosed without any evidence of advanced disease and with very high viral load levels (> 5.6 log 10 copies/ml). The network of LCS included 1 new HIV diagnosis with LAg ODn ≤ 1.5 (recent) and 2 borderline recents who were newly diagnosed with HIV, with LAg ODn > 1.5, without late-stage disease, and with very high HIV load levels (> 5.8 log 10 copies/ml).
The per-seed number of recents detected in the network of RS was almost 5 times the number in the network of LCS (Ratio RS vs. LCS: 5.23; 95% CI: 1.54-27.61) ( Table 4 ). The proportion of recents (PRN) in the network of RS was higher than the proportion of recents in the LCS's network, though their ratio failed to reach statistical significance (Ratio RS vs. LCS: 2.41; 95% CI: 0.74-7.86). The proportion of recents among HIV positives in the network of RS was 27% and more than 3 times (Ratio RS vs. LCS: 3.30; 95% CI: 1.04-10.43) the proportion of recents among HIV positives in the network of LCS (8%). When borderline recents were excluded, the ratio estimate increased (5.73) but became non-significant. Similar but non-significant patterns were observed for the Recents Incidence in Network (RIN) (Ratio RS vs. LCS: 1.65; 95% CI: 0.52-5.24).
Adjusting for variables included in Table 2 did not change the ratio estimates.
Discussion
TRIP found significantly higher yields of recents in the networks of recent seeds than in those of longer-term infected seeds on two of its measures of project effect: the yield of recents per seed, and the proportion of recents among HIV-positives in the network. On the other two measures, the proportion of recents in the networks and the incidence of recent infection in the networks, the comparison ratios ranged from 1.6 to 4.2 but the confidence intervals overlapped. Nonetheless, the overall pattern of results provides a proof of concept for the underlying hypothesis that the networks of recents will contain more recents than the networks of longer-term HIV-positives 23, 31 . The present findings suggest that efforts to seek, test, and treat recents can be accelerated by using strategic, network-based approaches. Finding and treating people soon after infection protects their health; and fears about toxicity and resistance have not been supported by carefully-conducted trials 2, 3 . Further, reducing viral loads as early as possible is likely to decrease the expected number of transmissions in a community 6, 32, 33 . Although a mathematical model of the South African epidemic 34 questioned whether targeting recents there would reduce transmissions over the long term, both the generalizability of the epidemic to other settings and the adequacy of the modeling have been challenged by other modelers 35 and phylogeneticists 36 . Finally, recents and especially acutely infected people may also be appropriate targets for therapeutic vaccines, should these become available 37, 38 . One issue that might appear paradoxical is the higher proportion of HIV+ participants in the network of long-term infected seeds than in the network of recent seeds. We understand this finding as the logical consequence of the relatively short history of the HIV outbreak among PWID in Athens, which began only in 2011 39 . Long infection chains were established relatively rapidly and those infected at that time are now by definition long-term infected. Yet their networks have not had time to change all that much, so there will be a statistical tendency for their recruitment networks to include others who were infected at that time. The HIV epidemic slowed down before TRIP began. The recent seeds we were recruiting later at TRIP were members of recent infection chains at a time when improvements in harm reduction availability, the effects of ARISTOTLE as an intervention, drug users' own protective actions, fluctuating behavioral risk, the firewalls network effect, and declining community viral loads due to ART use had reduced the rate of new infections 21, 24, [40] [41] [42] . Thus, although the recruitment of other recents is higher in the networks of recents for all the reasons stated here, they are likely to be in parts of the PWID community where long term HIV is less prevalent. Higher HIV prevalence in the networks of LCS could also be partially attributed to the fact that the proportions of sex workers and of HIV positives among sex workers were higher in the networks of LCS than in the networks of RS.
Control Seeds with Long-term HIV infection (LCS) Network of Control Seeds with Long-term HIV infection
This work is subject to a number of limitations. First, fewer recents were recruited than had been anticipated because the outbreak in Athens had leveled off before TRIP started 40 . The TRIP intervention itself is a novel model. This plus staffing limitations may also have limited recruitment. Research is needed to learn how to recruit network/venue members more rapidly and cost effectively. Our team has begun such research in Ukraine. Secondly, given that this is a network intervention, sampling was neither random nor statistically independent. This limits the accuracy of confidence interval estimates. Thirdly, although the higher contact tracing ratio of recently infected people in networks of recent seeds probably reflects their higher density in the networks of recent seeds than in the networks of the longer-time infected seeds, we cannot rule out other explanations. Alternative explanations might include that it is a result of higher concern among members of the networks of recent seeds to protect themselves and others upon learning that there may be highly infectious people among their friends and networks; or greater attention by project staff at tracing recent seeds' networks. Project staff made every effort to spend equal time in tracing both kinds of networks. Our finding that the proportion of recents among positives in networks is higher among members of recent seeds' networks supports, however, the argument that the higher contact tracing rate is due to higher density of recents in the networks of recent seeds. Finally, the network size of recent seeds is bigger than the network size of long-term control seeds. By design, TRIP moves two steps away from seeds in both arms. In addition, if a recent was found in networks of seeds, contacts of the newly identified recents were also recruited for 2 rounds. Consequently, the difference in network size between recent seeds and long-term control seeds could be partly explained by the need to trace the network members of these additional recents who were found in the networks of recent seeds. This paper provides evidence that strategic, social network tracing techniques can effectively locate people recently infected with HIV. Further research is needed to confirm the results, to find easier-to-implement ways to recruit social network members, and to improve the speed with which HIV-positives can be tested for recent infection preferably at the time and place of HIV testing. Next generation seek, test, and treat interventions could benefit from focusing on the seek component within the networks of those recently infected.
